Objective To describe the risk of maternal sepsis associated with obesity and other understudied risk factors such as operative vaginal delivery.
Introduction
Severe sepsis is a potentially life-threatening condition that is characterised by systemic inflammatory response syndrome with infection, organ dysfunction, hypoperfusion and hypotension. 1 If untreated, sepsis can rapidly progress along a continuum of severity to septicaemic shock and eventually death. Pregnant and postpartum women represent a particularly vulnerable population for developing severe sepsis because of changing physiology, biochemistry and immune response, 2 as well as heightened susceptibility to wound infection during delivery.
Although death as a result of pregnancy-related sepsis is uncommon in the UK and other high-income countries, mortality rates have more than doubled over the last two decades in the UK 3 and have also increased in other European countries. 4 In the late 1980s the maternal mortality rate from sepsis in the UK was 0.4/100 000 maternities, whereas in the period from 2006 to 2008 the maternal mortality rate increased to 1.13/100 000. 3 This rate places sepsis as the leading cause of direct maternal death, surpassing that of hypertensive disorders of pregnancy. 3 In addition, each fatality represents a much larger incidence of morbidity and 'near miss' events during the perinatal and puerperal periods. In the Netherlands, sepsis accounted for 8.1% of all Dutch obstetric intensive-care unit admissions.
populations of both the USA and Europe, [6] [7] [8] [9] accounting for 10-64% of all intensive-care unit admissions. [10] [11] [12] Given the recent increase in maternal deaths and an increase in morbidity in the general population caused by sepsis, an understanding of the risk factors for sepsis in pregnant and postpartum women is needed to better target potential points of clinical intervention. 13, 14 There are several well-established risk factors for maternal sepsis including caesarean section [15] [16] [17] [18] and anaemia. 17, 19 However, the risk of maternal sepsis being potentially associated with obesity has not been well described, although obesity has been implicated in poor wound healing (primarily in relation to caesarean section), [20] [21] [22] [23] [24] genitourinary infection 20 and uterine infection 21 in the obstetric population. The LEMMoN study from the Netherlands recently estimated the relative risk of maternal sepsis associated with being overweight (body mass index ‡25 and <30) to be 1.6 (95% CI 0.9-2.8), although this was not statistically significant. 18 In the UK, as in other developed countries, obesity rates including women of reproductive age have been increasing rapidly. 25, 26 In the mid-2000s, approximately 20% of pregnant women in the UK were obese. 27, 28 From 2003 to 2005, 33% of mothers who died directly from sepsis in the UK were obese, and 48% had undergone a caesarean section, all of whom were either overweight or obese. 29 The aim of this study, therefore, was to describe the risk of sepsis or severe sepsis associated with obesity (body mass index ‡30) among pregnant, intrapartum and immediately postpartum women. A secondary aim was to describe understudied risk factors such as operative vaginal delivery, as well as known risk factors not previously reported in the UK. Our hypotheses were that (i) controlling for other clinical factors including mode of delivery, the risk of maternal sepsis would be higher for obese women, and that (ii) based on findings from other countries, operative vaginal delivery would be a significant risk factor for maternal sepsis.
Methods
This study was conducted using data from the University of Aberdeen, Aberdeen Maternity Hospital, a tertiary-care maternity hospital for the NHS North of Scotland region. The hospital is the only tertiary referral hospital in the area, serves a large and well-defined geographical region and has approximately 5000 births per year. All pregnancy-related events have been recorded in the Aberdeen Maternal and Neonatal Databank (AMND) since 1950. Data entry, coding protocols and consistency rates for internal validation and valid ranges of measurable variables are described in previous studies.
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Study design and outcome variables
This was an anonymised case-control study of all maternal sepsis among antepartum, intrapartum and postpartum women recorded in the AMND between 1986 and 2009. Data were analysed using a case-control design because of the relative rarity of maternal sepsis in the UK, and because there are multiple known risk factors for maternal sepsis. All cases were identified as those with an International Classification of Disease ninth revision (ICD-9) sepsis code: 038.0-038.9 (septicaemia), 634.0-639.0 (sepsis following abortion), 670.2 (puerperal sepsis) and 785.5 (septic shock). Severe ('near-miss') sepsis cases were identified as those with an ICD-9 code of septic shock, or according to previously validated criteria defined by Martin et al., 6 which were those with an additional ICD-9 code for acute organ dysfunction associated with sepsis. All other cases of sepsis are referred to as 'uncomplicated'. All cases with an ICD-9 code for sepsis had a clinical diagnosis for systemic inflammatory response syndrome in addition to a cultureconfirmed diagnosis of infection. Four controls per case selected from the AMND who did not have an ICD-9 code for sepsis were frequency matched on year of delivery.
Research ethics committee approval for use of anonymised data was not required. Approval of the research protocol was obtained from the Steering Committee of the AMND before data extraction.
Sample size and statistical analyses
The sample size of this study was limited by the population incidence of maternal sepsis, thereby minimising the possibility of selection bias. The predictor variable of primary interest was obesity. Therefore, with 103 cases (all cases occurring in the population over the study period) and four controls per case, and assuming a prevalence of exposure to obesity of 19%, 25 the study had 90% power at P < 0.05 (two-sided) to detect a statistically significant odds ratio (OR) of 2.3 or greater; this OR corresponds to the odds reported in the most recent European study of intra-amniotic infection among obese pregnant women. 33 Frequencies of demographic and clinical variables were tabulated for uncomplicated sepsis and severe sepsis case groups and compared with controls using chi-square tests for categorical variables and a Student's t test or Wilcoxon rank sum test as appropriate for continuous variables. Univariable logistic regression analyses were carried out to initially identify demographic and clinical risk factors for uncomplicated maternal sepsis and severe sepsis; all P-values were unadjusted and two-sided, and a P-value of <0.05 was considered statistically significant. Significant variables from univariable regression, or those factors that were plausible confounders were included in a multivariable logistic regression model using a stepwise method. Potential confounding factors that were not significant at P < 0.05 in the initial multivariable regression (blood loss of ‡500 ml, pre-eclampsia and previous miscarriage) were removed from the final model. Interactions between demographic and clinical variables were assessed using likelihood ratio tests with a significance level of P < 0.01; no interactions were identified in the final adjusted model. Only two cases occurred antenatally and removal of these cases did not significantly change the regression results, so the antenatal cases were retained in the final regression models. Multivariable regression results were adjusted for calendar time and all other factors in the model. Results are reported as unadjusted and adjusted OR with 95% confidence intervals (95% CI). Stata statistical software 11 (StataCorp, College Station, TX, USA) was used for all analyses.
Results
The total study population comprised 89 cases of uncomplicated maternal sepsis, 14 cases of severe maternal sepsis and 412 control women. The majority of all cases occurred postpartum and before hospital discharge; 98.9% (n = 88) of women with uncomplicated sepsis and 92.9% (n = 13) of women with severe sepsis. One woman had uncomplicated sepsis antepartum, and one women with severe sepsis was diagnosed with an infection during delivery, which later progressed to septic shock postpartum. Sepsis case rates for the 23-year study period are shown in The distribution of several demographic and medical characteristics differed significantly between the three groups ( Table 1 ). The proportion of women from black or other minority ethnic groups was greater among women with sepsis: 5.7% of uncomplicated sepsis and 21.4% of severe sepsis, compared with 0% of controls. The average age of women with uncomplicated sepsis and severe sepsis was younger than that of controls: mean age 28.2 years (SD 5.6) and 27.4 years (SD 6.2), respectively, compared with 31.3 years (SD 4.5). A larger proportion of women with sepsis were multiparous and also had a previous miscarriage. Additionally, the proportion of mothers with anaemia was progressively larger among women with uncomplicated sepsis and severe sepsis: 67.4% and 92.9% respectively compared with 37.6% of control women. Although the rate of obesity was significantly greater among women with sepsis, obesity among severe sepsis cases was similar to that of controls. Gestation at booking, marital status and diabetes did not differ significantly between groups. One obese woman among the women with sepsis and one obese woman among the controls had type 1 diabetes.
Several delivery characteristics also differed significantly across the three groups (Table 2) . A larger proportion of women with severe sepsis had prelabour rupture of membranes and an induced labour compared with controls. More women with uncomplicated and severe sepsis had caesarean sections: 48.3% and 64.3%, respectively, compared with 25.3% of controls. A larger proportion of women with severe sepsis also had a manual removal of the placenta (21.4% versus 4.7% of controls, P = 0.04) and lost ‡500 ml blood (71.4% versus 23.9% of controls, P = 0.02) during delivery. The rate of severe pre-eclampsia, preterm birth and babies admitted to the neonatal intensive-care unit was also higher among women with sepsis.
Over the 23-year study period, the proportion of spontaneous vaginal deliveries decreased while the proportion of operative vaginal deliveries and caesarean sections increased significantly (P < 0.001; P = 0.009; P < 0.001, respectively). Despite these trends, sepsis case rates remained predominantly the highest among women who had a caesarean section throughout the study period, although rates increased in all modes from 2003 onwards. Antibiotic usage (before discharge from the labour ward) in the overall study population increased steadily from 1986 to 1996 (P < 0.001) and plateaued from 1997 to 2009. Although there was no significant difference between cases and controls in the total proportion of antibiotic usage across all modes of delivery (Table 2) , among the women with sepsis who had a caesarean section, 38.5% received antibiotics during pregnancy or delivery, which was significantly lower than the 70.2% of control women who had a caesarean section and received antibiotics (P < 0.001). In addition, antibiotic usage among control women who had a caesarean section increased significantly over time (P = 0.003), whereas antibiotic usage among cases who had a caesarean section did not increase over time. There was no significant difference in antibiotic usage among women in the case and control groups who had a manual placenta removal or an operative vaginal delivery.
After adjusting for changes over time and other factors in each model respectively, factors significantly associated with both uncomplicated sepsis and severe sepsis were: younger age, multiparity, anaemia, operative vaginal delivery and caesarean section (compared with spontaneous vaginal delivery) ( Table 3) . Obesity was significantly associated with uncomplicated sepsis; however, this association was not present with severe sepsis. Additionally, operative vaginal delivery and preterm birth were associated with uncomplicated sepsis, whereas induced labour was associated with severe sepsis. 
Discussion
Sepsis is now the leading cause of direct maternal death in the UK, 3 giving rise to an urgent need to describe the risk factors for obstetric sepsis morbidity. This populationbased study reports specifically on the increased risk of maternal sepsis associated with obesity, controlling for mode of delivery. In addition, this investigation provides insight about several understudied risk factors for maternal sepsis including operative vaginal delivery and maternal age, while corroborating other well-known risk factors.
Over the study period there was a significant increase in the incidence of maternal sepsis from 2003 onwards, compared with the average decreasing trend seen in this population since 1986. There were no changes in diagnostic coding that would explain this increase, as all maternal events were recorded according to ICD-9 codes during the entire study period. One possible explanation for this increase is that 2003 was a peak year in the UK for b-haemolytic group A streptococcal (Streptococcus pyogenes) infection, [34] [35] [36] which has traditionally been a major cause of maternal and puerperal sepsis morbidity and mortality.
3,37 Interestingly, case rates increased across all modes of delivery, which could either indicate nosocomial or community-acquired infection. As microbiological data were not available for this study, further investigation is needed to assess the impact of group A streptococci as well as other causative organisms on maternal sepsis and possible routes of infection. The average decreasing trend in the incidence of all maternal sepsis from 1986 to 2003 may also be explained by group A streptococcal activity; 1988 was a peak year for scarlet fever and probably for invasive infection as well in the UK, with a subsequent decrease in following years. Increasing antibiotic usage may have also helped to precipitate the decreasing trend in maternal sepsis case rates during this period. Although overall antibiotic usage increased over the study period and despite a recent move to offering 38 fewer than half of all cases that had a caesarean section received antibiotics before discharge from the labour ward compared with the majority of control women who had a caesarean section.
In this study, there was sufficient power to confidently demonstrate associations between uncomplicated sepsis and high-prevalence predictive factors in multivariable regression. However, because of the low population prevalence of type 1 diabetes and manual placenta removal, there was insufficient power to exclude the role of chance in the association between these variables and the odds of sepsis. In addition, the sample size for women with severe sepsis was very small, which resulted in a large degree of uncertainty as shown by wide confidence intervals for most factors. The results of the analysis of severe sepsis, therefore, should be interpreted as exploratory; future studies in a larger population are needed to validate and elucidate the risk factors for severe sepsis.
It is generally known that obese pregnant women are at increased risk of wound infection with sepsis as a possible sequela. This increased risk is particularly evident following caesarean section, [22] [23] [24] 39 , which obese women undergo much more frequently than women of normal weight. 20, 21, 40 The extent to which obesity may independently predispose women to maternal sepsis, however, has not been well described. We found that after controlling for mode of delivery, obese women had twice the odds of developing uncomplicated sepsis compared with women of normal weight. This association was independent of mode of delivery. The degrees to which prediabetes, impaired glucose tolerance and gestational diabetes in association with obesity may play a role in the risk of sepsis, remain to be investigated.
An interesting finding from our study was that younger maternal age was a significant risk factor for sepsis and severe sepsis, which is contrary to previous studies. Older women are at increased risk for several pregnancy complications and studies on or including maternal sepsis have reported findings commensurate with this general trend. 18, 41 We found, however, that being younger than 25 years, which was younger than the mean age for either case group, was strongly predictive of sepsis. Women younger than 25 years had five times the odds of developing uncomplicated sepsis and ten times the odds of developing severe sepsis, compared with women older than 34 years. Despite the finding that younger maternal age was associated with all sepsis in this study, multiparity was also strongly associated with sepsis. This seeming confluence resulted from the fact that cases tended to be younger and multiparous, whereas controls tended to be older and primiparous. We speculate that this observation may replicate patterns of communityacquired infection, particularly group A streptococcal infections, but this cannot be confirmed using these data.
One understudied risk factor that emerged from our study was the association between operative vaginal delivery (forceps, vacuum extraction or assisted breech), and maternal sepsis. We found that women who had an operative delivery had over twice the odds of uncomplicated sepsis compared with women who had a spontaneous vaginal delivery. This finding is consistent with the few previous studies to have investigated this risk factor. In a Canadian population-based study, Liu et al. 42 found that women delivered by vacuum extraction or forceps had an odds of 1.24 (95% CI 1.09-1.41) or 1.62 (95% CI 1.40-1.87) respectively, of major puerperal infection. Lydon-Rochelle et al. 43 also found in a US population-based study that women who had an operative vaginal delivery were 20% more likely (relative risk 1.2) to be re-hospitalised within 60 days of delivery for uterine infection.
This study also corroborates several previously cited risk factors for maternal sepsis. In keeping with findings from Waterstone et al., 44 the only other study of severe sepsis morbidity in the UK, we found that multiparity, caesarean section and anaemia were all significant predictors of sepsis. These are well-known risk factors and have also been identified in other studies. 17, 18, 45 As a result of the homogeneity of the control population, we were unable to evaluate ethnicity, a known risk factor for sepsis, 18 in our regression model. However, given that there is very little ethnic variation in Aberdeen, it was striking that approximately 8% of cases were of non-white ethnic origin, whereas all controls were white.
Regarding anaemia, this condition can be caused by blood loss during delivery or by sepsis itself. Given that results of routine testing for antenatal anaemia are recorded in the AMND and the proportion of anaemia also found in the control population, it is very likely that these cases were identified antenatally at booking or later. The association of anaemia with sepsis was independent of mode of delivery and blood loss, supporting other findings that anaemia is an independent risk factor for sepsis, although the mechanism of this association is not yet understood.
Preterm birth and labour induction, which we found to be significantly associated with uncomplicated sepsis and severe sepsis, respectively, have also been previously cited. 18 Induction of labour has become common in obstetric practice. In both the UK and the USA, approximately one in every five pregnant women has an induced labour, 46, 47 and the associated maternal and fetal risks for further intervention such as operative vaginal delivery and caesarean section are being increasingly recognised. 48 A national study from the Netherlands found that induction of labour was associated with a 5.2 relative risk of sepsis. 18 This same study found that preterm birth had a 10.3 relative risk of sepsis. 18 Our results seem to support these findings. Limiting induction, therefore, to clearly indicated cases might be predicted to impact on the incidence of sepsis.
There were several limitations to this study. First, risk factors identified for severe sepsis could only be interpreted as exploratory because of a very small sample size; however, they largely reflected uncomplicated sepsis risk factors. Second, sources of infection and causative organisms were beyond the scope of the data used for this study. Third, we were unable to definitively ascertain the temporality of antibiotic usage in relation to mode of delivery or placental removal, but it is likely that women with sepsis mostly received treatment antibiotics for sepsis, whereas control women received prophylactic or early-stage treatment antibiotics. Similarly, we were unable to comment on the temporality of preterm birth and other factors, e.g. mode of delivery, as either a risk factor or an outcome of infectious morbidity, although our findings and those from other studies indicate that they are clearly associated with maternal sepsis. Lastly, because this study was geographically limited to one area of the UK, elements that are unique to this population, such as ethnicity, may not be representative of the wider UK population.
Despite these limitations, the findings from this study point to several implications for clinical practice. First, this study underscores the need for prophylactic antibiotics at caesarean section. The fact that there was much higher antibiotic usage among control women who had a caesarean section before discharge compared with women with sepsis, supports the amplitude of evidence demonstrating the efficacy of antibiotic prophylaxis at caesarean section. Second, the association we observed between operative vaginal delivery and maternal sepsis should encourage strict aseptic technique and infection control measures in clinical practice. As the prevalence of sepsis among women undergoing operative vaginal delivery was still very low in this study, a potential randomised clinical trial to investigate whether prophylactic antibiotics offer protection does not yet appear to be indicated. Further studies, however, should evaluate operative vaginal delivery as a potential risk factor for maternal sepsis. Lastly, obese pregnant women in the UK may benefit from additional monitoring during and after pregnancy to prevent critical infection leading to sepsis. Current Royal College of Obstetricians and Gynaecologists guidelines on the management of women with obesity in pregnancy do not suggest additional monitoring. 49 This study and further research, however, may serve to emphasise the need for routine use of a modified early obstetric warning score (MEOWS) chart, particularly among obese and other high-risk women, 3 to facilitate early detection of any obstetric complication.
Conclusion
In this study we identify obesity as a significant risk factor for maternal sepsis, in addition to younger maternal age, operative vaginal delivery and other known risk factors such as multiparity, anaemia, labour induction, caesarean section and preterm birth. Women with sepsis who had a caesarean section were less likely than controls to receive antibiotics, highlighting the need for prophylaxis. The association we observed between operative vaginal delivery and maternal sepsis emphasises the importance of strict aseptic technique and infection control measures in clinical practice. The association between obesity and maternal sepsis is also of clinical significance given the concurrent increase in maternal obesity in the UK. This study, however, despite using a large population database, had limited power to investigate factors associated with severe maternal sepsis. We therefore suggest further research, including a national prospective cohort study, to comprehensively evaluate the magnitude of severe maternal sepsis morbidity, and to validate the risk factors identified in this study.
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